Establishing the etiology of tachycardia in a trauma patient is often difficult. Pediatric trauma patients present an even tougher challenge. Cardiac contusion should be suspected when other more common traumatic injuries that produce hypoxia and blood loss are excluded. The diagnosis of cardiac contusion is notoriously difficult to make largely due to the controversy over the definition of the disease, and the lack of a true gold standard confirmatory test. Atrioventricular nodal reentrant tachycardia (AVNRT) is a common form of supraventricular tachycardia (SVT) that can also present a diagnostic challenge to emergency physicians. While electrophysiologic studies are the gold standard for confirming the diagnosis, there are certain aspects of the history, electrocardiogram (ECG), and responses to cardiac maneuvers that strongly suggest the diagnosis. We present the case of a pediatric trauma patient that presented with new onset AVNRT masquerading as cardiac contusion.
INTRODUCTION
Tachycardia in a trauma patient is often an ominous sign. Emergency physicians (EPs) must employ a broad differential diagnosis when attempting to identify the etiology of tachycardia in the trauma setting. At the same time, EPs must remain focused on the common causes of tachycardia that are associated with high morbidity and mortality, such as intraabdominal bleeding or blunt chest trauma.
The incidence of blunt chest injury has been on the rise for the past several years, probably as a result of increased number of motor vehicle accidents. 1 Evidence of blunt chest injury can be subtle at the time of presentation, making clinical suspicion the key to diagnosis. 2 Further complicating matters in the pediatric population is the fact that the bony thorax of children is less mineralized than that of adults, making it possible to have serious pulmonary or cardiac injuries without associated bony injury. 3 Blunt cardiac injuries, including cardiac contusions, can have serious sequelae such as dysrhythmia, myocardial infarction, cardiac rupture, formation of aneurysm, or cardiac tamponade. 4 There is no gold standard test to confirm the presence of a blunt cardiac injury. Instead, a combination of clinical signs and symptoms, electrocardiographic (ECG) changes, elevation of cardiac enzymes, and echocardiogram are used to confirm the diagnosis. 2, 5 Supraventricular tachycardia (SVT) includes all tachyarrhythmias that originate above the bifurcation of the bundle of His in a reentrant circuit. Atrial rates by definition must be above 100 beats per minute, although the ventricular rate may be less if the conduction is incomplete. SVT usually has a narrow QRS complex, but it may be wide due to abhorrent conduction, presence of an accessory pathway, or when there is a coexistent bundle branch block. 6 SVT is further classified as paroxysmal, persistent, or chronic. Paroxysmal supraventricular tachycardia (PSVT) may be caused by AV nodal reentry, WolffParkinson-White (WPW) syndrome, or intra-atrial or sino-atrial reentry. The most common form of PSVT is due to AV nodal reentry. 6 While electrophysiologic testing is the gold standard for identification of the various PSVT subtypes, there are specific electrocardiographic (ECG) criteria, as well as important clues in the historical data, and responses to cardiac maneuvers that can aid the EP in making the correct diagnosis. 7 We present the case of a trauma patient that presented with new onset AVNRT masquerading as cardiac contusion, with a discussion of the clinical differentiation between the two entities.
CASE REPORT
An eight-year-old male riding a bicycle was brought to our emergency department after being struck by a car at moderate speed. The EMT reported that the patient was hemodynamically stable during transport. He had a questionable brief loss of consciousness on scene, but had a Glasgow Coma Scale of 15. Paramedics also noted an obvious right tibia and fibula deformity. Upon arrival to the emergency department the patient was conversant. His airway was intact with unlabored respirations at a rate of 26 breaths per minute and an oxygen saturation of 98% on room air. There were no outward signs of chest trauma. Breath sounds were clear to auscultation bilaterally. Heart rate was 83 beats per minute (bpm) and blood pressure was 121/74 mmHg. Cardiac auscultation was normal. The patient had an obvious tibia and fibula fracture on the right with good distal neurovascular function. There was no active external bleeding. Secondary survey was significant for large abrasion to the left ear and a large left occipital cephalohematoma. The patient had no signs of trauma to the chest, and was non-tender across the bony thorax. The abdomen was soft and non-tender, with no outward signs of trauma. A focused abdominal sonogram for trauma (FAST) was performed and was negative for intraperitoneal or pericardial fluid. The Glasgow Coma Scale was 15, although the patient was s o m e w h a t uncooperative and a g i t a t e d intermittently. The remainder of the physical exam was unremarkable.
Routine laboratory studies were ordered. Radiographs of the cervical spine, chest and pelvis were normal. Radiographs of the right lower extremity showed a comminuted right tibia and fibula fracture. Computed axial tomography of the head, abdomen and pelvis were normal. The orthopedic service was consulted for the patient's fracture. The patient was given morphine sulfate for pain. The patient subsequently complained of nausea and was administered 12.5 mg of promethazine. A short time later the patient became agitated, restless, and tachycardic to a rate of 150-160 bpm. Blood pressure remained normal. Due to concern of the possibility of occult abdominal bleeding, a repeat FAST exam was performed and remained negative. Repeat hemoglobin and hematocrit was unchanged. Diphenhydramine was administered for suspected akathisia, and a short time later the tachycardia and agitation resolved.
The patient was admitted to the trauma service with a diagnosis of pedestrian versus auto with lower extremity fracture, closed head injury, and rule out blunt abdominal trauma. Once admitted, the patient continued to have runs of tachycardia with a rate of 130-160 bpm. The rhythm appeared to be SVT on telemetry strips ( Figure  1 ). The tachycardia was easily terminated with carotid massage. The patient experienced palpitations during the episodes of tachycardia, but was otherwise asymptomatic.
The possibility of a cardiac contusion was entertained. Resting 12-lead ECG initially demonstrated a junctional rhythm (Figure 2 ). Six minutes later, a repeat 12-lead ECG demonstrated normal sinus rhythm ( Figure 3 ). Troponin I level was elevated at 1.9 ng/ml. A transthoracic three-dimensional echocardiogram was performed which did not show any evidence of blunt cardiac injury. Pediatric electrophysiology consultation was obtained. The electrophysiologist noted evidence of an atypical AV nodal reentry tachycardia, not considered to be sequelae of blunt cardiac injury. The consultant recommended that the patient be started on flecainide only if symptomatic. Since the patient was experiencing palpitations, he was started on flecainide 50 mg twice daily.
The next day the patient's extremity fracture was operatively repaired by orthopedics. The remainder of his hospital course was uneventful. The patient did not experience any further episodes of tachycardia. On follow-up appointment with pediatric cardiology, the patient was doing well with no further episodes of palpitations. The patient was subsequently lost to further follow-up.
DISCUSSION
AVNRT is the most common form of PSVT. One third of adolescent cases of PSVT will be secondary to AVNRT. 8, 9 Although rarely life threatening, AVNRT can have significant associated symptoms which can interfere with quality of life. 10 The mechanism of AVNRT is known to be the result of a dual atrial pathway proximal to the AV node that causes rapid conduction through the AV node itself. In contrast, pre-excitation syndromes, such as WPW, rely on an accessory pathway to produce tachycardia by bypassing the AV node. 6 The reentry circuit is initiated when a premature atrial beat approaches the AV node during a refractory period. This causes an impulse to be conducted in an anterograde fashion via a slow pathway located in the anterior AV node. Simultaneously, a faster pathway in the posterior AV node conducts in a retrograde fashion. 11, 12 The impulses created by the pathways are conducted to the ventricles via the His bundle and then to the right and left bundle branches (Figure 4) . This pattern will continue until the circuit is disrupted. Since the circuit depends on the conduction properties of the AV node itself, vagal maneuvers and medications that block AV conduction, such as adenosine, are usually successful in halting the tachycardia. 10 Electrophysiologic studies are the gold standard for defining the mechanism of SVT, but they are rarely needed to establish the diagnosis. The electrocardiogram is the EP's best diagnostic tool when it comes to diagnosis of PSVT. Studies have attempted to define ECG criteria for diagnosis of the different forms of PSVT, but none have been shown to be highly sensitive or specific. 7 There are certain characteristics that will favor the diagnosis of reentrant tachycardia.
AVNRT will stop and start suddenly. Since the atria are activated just after the ventricles, the P waves are usually buried in the QRS and are not visible on ECG tracing. Other ECG characteristics of AVNRT are narrow QRS with a usual rate of 160-190 bpm. Often times a "pseudo S" wave can be seen in the inferior leads ( Figure 5 ). This pseudo S wave is the result of ST segment distortion from the conduction of the retrograde P waves. A pseudo R' can also be seen in lead V1 during the tachycardia which is not present during times of normal conduction. 13 Cases of AVNRT that are asymptomatic do not require any specific therapy. 14 Patients can be taught vagal maneuvers to self terminate episodes. 10 Patients with moderate or frequent symptoms may benefit from drug therapy. Digoxin, betablockers, and calcium channel blockers have all been used with some success. Care must be used to rule out the possibility of WPW syndrome prior to administration of calcium channel blockers. Patients with severe or incessant symptoms are candidates for catheter ablation. Recent advances in ablation techniques have made ablation a very low risk first line therapy. In fact, one recent study concluded that catheter ablation is 43% more cost effective than medical management over the long term, with lower morbidity and mortality. 15 Although blunt cardiac injury lacks a diagnostic gold standard, and the clinical effects can be broad, retrospective analysis of this case does not support the diagnosis. Our patient had a complete absence of chest wall abrasions or contusions during his initial and subsequent evaluations. Many authors agree that isolated blunt cardiac and pulmonary injuries can occur without concomitant bony fracture due to decreased mineralization of the pediatric chest wall; however, one large multi-center analysis found that isolated blunt cardiac injury was rare.
16,2 Our patient displayed a mild increase in troponin to a level of 1.9 ng/ml. While no strict criteria have been established, Hirsch et al. found that troponin levels can be as high as 2.0 ng/ml in healthy children. 17 Furthermore, the increased cardiac workload associated with AVNRT has been shown to cause a mild increase in the troponin level. 18 Finally, our patient did not show any evidence of cardiac wall dysfunction or valvular damage on echocardiogram.
The historical, clinical, and electrocardiographic data confirm that this patient's tachycardia was the result of an AV nodal reentrant circuit (Table 1) . Episodes were sudden in onset and termination. On ECG the heart rate was generally 160-180 bpm, QRS complexes were narrow with no discernable P waves, and a pseudo S wave was noted in inferior leads.
Finally, the episodes were easily terminated with carotid massage.
In conclusion, pediatric trauma patients with tachycardia can present a significant diagnostic challenge to emergency physicians. In cases where the etiology is not easily explained, 12-lead ECG should be obtained and closely scrutinized for evidence of reentrant or accessory pathways.
